Grafting is a technique that may affect plant tolerance to iron chlorosis in plants cultivated for their fruit. Therefore, the objective of this study was to evaluate the tolerance of non-grafted quince seedlings and pear grafted onto quince plants cultivated in pots with alkaline soil. The experiment was conducted in a greenhouse at the University of Cordoba, Spain, in pots (3 L) filled with alkaline soil, with one plant per pot. The treatments consisted of two genotypes, quince (Cydonia oblonga Mill) semi-woody rooted cuttings, cultivar BA29, and pear (Pyrus Communis L.), cultivar Ercolini, grafted onto quince cultivar BA29 (rootstock), and two nutrient solutions with and without iron (80 µM Fe-EDDHA) arranged in a completely random design with eight repetitions. Each pot received 250 mL of the nutrient solution on June 3 rd , 2010. Chlorophyll indirect measurements and the main stem length were evaluated for six weeks after the commencement of the treatments. During the last week, the main stem dry matter weight and the leaf total iron content were determined. It was found that grafting pear seedlings onto quince rootstock resulted in a higher tolerance to iron deficiency than when quince was not grafted. Non-grafted quince plants without iron in the nutrient solution, compared to the results with its application, showed low SPAD (Soil-Plant Analyses Development) values and resulted in plants with a lower leaf iron content and lower dry matter production; however, decreased seedling stem growth was observed only in the last week of cultivation.
Introduction
Iron was the first element to be considered a micronutrient in plants; it is a component of clayish materials and, under some circumstances, is found to occur in levels insufficient to meet the needs of plants (Prado, 2008) .
Alkaline soils are regarded as potential inducers of iron deficiency in plants even though the element might occur in high concentrations in the soil. The reason for this is that most of the iron is absorbed by soil particles in an insoluble form, which the plants are not capable of utilising, and the soluble portion is usually insufficient (Lindsay, 1995) .
Alkalinity in soils may be due to the material from which the soil was formed having a high concentration of bicarbonate (Mengel et al., 1984) or to inadequacies in cultural practices, such as an excess of lime application when correcting for soil acidity.
Iron deficiency may be aggravated by other factors, including soil flooding, compaction, high temperatures, and heavy fruit loads (Chaney, 1984) . Iron in interaction with other nutrients may become scarcely available to the plant and also lead to nutritional disorders (Prado, 2008) .
In some regions of the world, iron deficiency symptoms have been observed in plants under controlled environment agriculture (CEA) conditions due to a low iron content in nutrient solutions as a consequence of the use of non-chelated iron sources or, occasionally, to the inadequate control of the pH of the nutrient solution. In Brazil, iron deficiency has been reported in Oxisols of acid reaction and may be related to periods of drought, a condition in which iron diffusion in the soils is hampered mainly when lime followed by high doses of phosphorous fertilisers are applied to the soil (Nunes et al., 2004) . This problem has been reported to occur in the Mediterranean area, mainly in Europe (Lindsay, 1995) .
Among European countries, iron deficiency seems to reach the highest levels in Spain, with deficiency being reported to occur in an area of 284,000 hectares involving several crops (MAPA, 2007) . The damaging effects of iron deficiency have been extensively described in the literature, mainly in fruit plants (Herrero and Abadia Conte, 1962) , such as olive (Fernandez-Escobar et al., 1993) , quince, pear (Tagliavini et al., 1995) , lime (El-Kassas, 1984) , peach (Sanz et al., 1997a) , and kiwi (Tagliavini et al., 1995) .
In addition to causing reductions in plant yield, iron deficiency may reduce fruit size and delay fruit maturation (Sanz et al., 1997b) and also reduce the intake of this element by humans. It is known that malnutrition is a serious cause of death worldwide each year, and it mainly results from the ingestion of food poor in micronutrients, especially iron (Stein, 2010) . Thus, enriching human food with iron may save many lives.
Therefore, applying iron to plants, either via soil or foliar fertilisation, is important to reduce yield losses and also to improve the nutritional value of the fruit. The application of iron directly to the soil is a very expensive technique: according to data published by Tagliavini et al. (2000) , this practice may represent up to 60% of the total of fertilisation costs. Similarly, the foliar application of fertilisers has some important drawbacks, such as a low residual effect, a small influence on plant growth between harvests, and a low mobility in the plant tissues, thus demanding frequent applications during the plant cycle.
An economically interesting way to reduce iron chlorosis problems in plants could be the use of genetically tolerant cultivars with a very high capability of absorbing iron from the environment, thus providing the plant with sufficient levels of iron. Alcantara (2005) observed differences in the tolerance to iron deficiency among different olive genotypes. This Tolerance to iron chlorosis in quince plants same behaviour was observed in oats (McDaniel and Brown, 1982) , chickpea (Saxena and Sheldrake, 1980) , beans (Zaitner et al., 1982) , peanuts (Samdur et al., 2000) , and pear (Ma et al., 2005) . Studies concerning the genetic variability of quince genotypes to iron deficiency are scarce, whereas quite a few studies have been conducted in pear (Dolcet-Sanjuan et al., 1992; Cinelli et al., 1992) .
The cultivation of fruit trees usually demands grafting to introduce desirable agronomic characteristics. However, the effect of grafting on the response of the crop to iron deficiency has not been well studied to date.
Therefore, we conducted a study to evaluate the tolerance of non-grafted quince seedlings and pear grafted onto quince to evaluate iron deficiency, depending on the application of a nutrient solution with chelated iron.
Material and Methods
The experiment was conducted under greenhouse conditions at the University of Cordoba, Spain, using grafted and non-grafted fruit seedlings. At the last evaluation, the main stem that emerged after the start of the application of the treatments was collected, and its dry weight was also determined. In addition, recently expanded leaves were collected for chemical analysis to determine their total iron composition, according to the methodology described by Bataglia et al. (1983) .
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The leaf iron content did not vary significantly between pear and quince plants when grown with a nutrient solution containing iron (Figure 2) . Therefore, although they exhibited more chlorotic symptoms and lower SPAD values (Figure 1 ), the plants that had not been treated with iron had total iron contents that were similar to the plants that were treated with iron. This indicates that the evaluation for the total iron content in the plant could be influenced by iron precipitated in the leaf apoplast (Mengel and Geurtzen, 1988) , which is physiologically irrelevant and capable of introducing errors in the nutritional evaluation. It is known that the total concentration of iron in the leaves is not a valid index of the plant nutritional status. Romheld (2000) has observed that the total iron concentration in chlorotic leaves is similar to that in green leaves.
In the literature, it is reported that the best iron evaluation method is extraction with phenanthroline (pH 3) using fresh leaves rather than measuring the total content (Neaman and Aguirre, 2007) . When treated with iron, the quince stems had a higher dry matter weight than the plants that had not received iron (Figure 3a) . The dry matter production of quince stems under iron application was higher than in the absence of the micronutrient (Figure 3a) , a fact explained by the promotion of a higher photosynthetic rate, which was reflected in the higher SPAD value ( Figure 1a ) and the longest stem length in the sixth week after beginning the treatment (Figure 3a) . Although quince has been used essentially as the preferential rootstock for pear plants, being plants of short stature that bear fruit early (Nogueira, 1985) , further research is important for the selection of cultivars that are tolerant to iron deficiency, as it is a plant susceptible to iron chlorosis.
Conclusions
The use of grafting in pear seedlings using quince plants as the rootstock induced a higher tolerance to iron deficiency than in the non-grafted quince plants. 
